Manufacturing and in-service defects of composites
Manufacturing Defects include: Delamination, Resin starved
areas, Resin rich areas, Blisters, air bubbles, Wrinkles, Voids
and Thermal decomposition. Manufacturing damage includes
anomalies, such as porosity, micro-cracking and delaminations
resulting from processing discrepancies. It also includes such
items as inadvertent edge cuts, surface gouges and scratches,
damaged fastener holes, and impact damage. Examples of
flaws occurring in manufacturing include a contaminated
bondline surface or inclusions, such as prepreg backing paper
or separation film, that is inadvertently left between plies
during layup. A part is resin rich if too much resin is used, for
nonstructural applications this is not necessarily bad, but it
adds weight. A part is called resin starved if too much resin is
bled off during the curing process or if not enough resin is
applied during the wet layup process. Resin-starved areas are
indicated by fibers that show to the surface. The ratio of 60:40
fiber to resin ratio is considered optimum.



Sources of manufacturing defects include: Improper cure
or processing, Improper machining, Mishandling, Improper
drilling, Tool drops, Contamination, Improper sanding,
Substandard material, Inadequate tooling and Mislocation
of holes or details. Damage can occur at several scales
within the composite material and structural configuration.
This ranges from damage in the matrix and fiber to broken
elements and failure of bonded or bolted attachments. The
extent of damage controls repeated load life and residual
strength and is critical to damage tolerance.

Fiber Breakage: Fiber breakage can be critical because
structures are typically designed to be fiber dominant (i.e.,
fibers carry most of the loads). Fortunately, fiber failure is
typically limited to a zone near the point of impact and is
constrained by the impact object size and energy.



Matrix Imperfections: These usually occur on the
matrix-fiber interface or in the matrix parallel to the
fibers. These imperfections can slightly reduce some
of the material properties but are seldom critical to
the structure, unless the matrix degradation is
widespread. Accumulation of matrix cracks can cause
the degradation of matrix-dominated properties. For
laminates designed to transmit loads with their fibers
(fiber dominant), only a slight reduction of properties
is observed when the matrix is severely damaged.
Matrix cracks, or microcracks, can significantly reduce
properties dependent on the resin or the fiber-resin
interface, such as interlaminar shear and compression
strength. Microcracking can have a very negative
effect on properties of high-temperature resins.
Matrix imperfections may develop into delaminations,
which are a more critical type of damage.



Delamination and Debonds: Delaminations form on the
interface between the layers in the laminate. Delaminations
may form from matrix cracks that grow into the interlaminar
layer or from low-energy impact. Debonds can also form
from production nonadhesion along the bondline between
two elements and initiate delamination in adjacent laminate
layers. Under certain conditions, delaminations or debonds
can grow when subjected to repeated loading and can cause
catastrophic failure when the laminate is loaded in
compression.

Combinations of Damages: In general, impact events cause
combinations of damages. High-energy impacts by large
objects (e.g., turbine blades) may lead to broken elements
and failed attachments. The resulting damage may include
significant fiber failure, matrix cracking, delamination,
broken fasteners, and debonded elements.



Damage caused by low-energy impact is more contained,
but may also include a combination of broken fibers, matrix
cracks, and multiple delaminations.

Flawed Fastener Holes: Improper hole drilling, poor fastener
installation, and missing fasteners may occur in
manufacturing. Hole elongation can occur due to repeated
load cycling in service.

In-Service Defects: These: Environmental degradation,
Impact damage, Fatigue,Cracks from local overload,
Debonding, Delamination, Fiber fracturing and Erosion.

Many honeycomb structures, such as wing spoilers, fairings,
flight controls, and landing gear doors, have thin face sheets
which have experienced durability problems that could be
grouped into three categories: low resistance to impact,
liquid ingression, and erosion.



These structures have adequate stiffness and strength
but low resistance to a service environment in which
parts are crawled over, tools dropped, and service
personnel are often unaware of the fragility of thin-
skinned sandwich parts. Damages to these
components, such as core crush, impact damages, and
disbonds, are quite often easy to detect with a visual
inspection due to their thin face sheets. However, they
are sometimes overlooked or damaged by service
personnel who do not want to delay aircraft departure
or bring attention to their accidents, which might
reflect poorly on their performance record. Therefore,
damages are sometimes allowed to go unchecked,
often resulting in growth of the damage due to liquid
ingression into the core. Nondurable design details
(e.g., improper core edge close-outs) also lead to
liquid ingression.



The repair of parts due to liquid ingression can vary
depending on the liquid, most commonly water or Skydrol
(hydraulic fluid). Water tends to create additional damage
in repaired parts when cured unless all moisture is removed
from the part. Most repair material systems cure at
temperatures above the boiling point of water, which can
cause a disbond at the skin-to-core interface wherever
trapped water resides. For this reason, core drying cycles
are typically included prior to performing any repair. Some
operators take the extra step of placing a damaged but
unrepaired part in the autoclave to dry to preclude any
additional damage from occurring during the cure of the
repair. Skydrol presents a different problem. Once the core
of a sandwich part is saturated, complete removal of
Skydrol is almost impossible. The part continues to weep
the liqguid even in cure until bondlines can become
contaminated and full bonding does not occur. Removal of
contaminated core and adhesive as part of the repair is
highly recommended



Erosion capabilities of composite materials have been
known to be less than that of aluminum and, as a result,
their application in leading-edge surfaces has been generally
avoided. However, composites have been used in areas of
highly complex geometry, but generally with an erosion
coating. The durability and maintainability of some erosion
coatings are less than ideal. Another problem, not as
obvious as the first, is that edges of doors or panels can
erode if they are exposed to the air stream. This erosion can
be attributed to improper design or installation/fit-up. On
the other hand, metal structures in contact or in the vicinity
of these composite parts may show corrosion damage due
to inappropriate choice of aluminum alloy, damaged
corrosion sealant of metal parts during assembly or at
splices, or insufficient sealant and/or lack of glass fabric
isolation plies at the interfaces of spars, ribs, and fittings.



Corrosion: Many fiberglass and Kevlar parts have a
fine aluminum mesh for lightning protection. This
aluminum mesh often corrodes around the bolt or
screw holes. The corrosion affects the electrical
bonding of the panel, and the aluminum mesh
needs to be removed and new mesh installed to
restore the electrical bonding of the panel.

Ultraviolet (UV) light affects the strength of
composite materials. Composite structures need
to be protected by a top coating to prevent the
effects of UV light. Special UV primers and paints
have been developed to protect composite
materials.



Nondestructive Inspection (NDI) of Composites

Visual Inspection: This is the primary inspection method for
inservice examinations of composites. Most types of
damages, scorch, stain, dent, penetrate, abrade, or chip occur
on the composite surface, making the damage visible. Once
damage is detected, the affected area needs to be inspected
closer using flashlights, magnifying glasses, mirrors, and
borescopes. These tools are used to magnify defects that
otherwise might not be seen easily and to allow visual
inspection of areas that are not readily accessible. Resin
starvation, resin richness, wrinkles, ply bridging, discoloration
(due to overheating, lightning strike, etc.), impact damage by
any cause, foreign matter, blisters, and disbonding are some
of the discrepancies that can be detected with a visual
inspection. Visual inspection cannot find internal flaws in the
composite, such as delaminations, disbonds, and matrix
crazing. More sophisticated NDI techniques are needed to
detect these types of defects.



Audible Sonic Testing (Coin Tapping): Sometimes referred to
as audio, sonic, or coin tap. This techniqgue makes use of
frequencies in the audible range (10 Hz to 20 Hz). A
surprisingly accurate method in the hands of experienced
personnel, tap testing is perhaps the most common
technique used for the detection of delamination and/or
disbond. The method is accomplished by tapping the
inspection area with a solid round disk or lightweight
hammer-like device and listening to the response of the
structure to the hammer. A clear, sharp, ringing sound is
indicative of a well-bonded solid structure, while a dull or
thud-like sound indicates a discrepant area.

The tapping rate needs to be rapid enough to produce
enough sound for any difference in sound tone to be
discernable to the ear. Tap testing is effective on thin skin to
stiffener bondlines, honeycomb sandwich with thin face
sheets, or even near the surface of thick laminates, such as
rotorcraft blade supports.



Again, inherent in the method is the possibility that changes
within the internal elements of the structure might produce
pitch changes that are interpreted as defects, when in fact
they are present by design. This inspection should be
accomplished in as quiet an area as possible and by
experienced personnel familiar with the part’s internal
configuration. This method is not reliable for structures with
more than four plies. It is often used to map out the damage
on thin honeycomb face sheets.

Automated Tap Test: This test is very similar to the manual tap
test except that a solenoid is used instead of a hammer. The
solenoid produces multiple impacts in a single area. The tip of
the impactor has a transducer that records the force versus
time signal of the impactor. The magnitude of the force
depends on the impactor, the impact energy, and the
mechanical properties of the structure. The impact duration
(period) is not sensitive to the magnitude of the impact force;
however, this duration changes as the stiffness of the
structure is altered.



Therefore, the signal from an unflawed region is used for
calibration, and any deviation from this unflawed signal
indicates the existence of damage.

Ultrasonic Inspection: Ultrasonic inspection has proven to be
a very useful tool for the detection of internal delaminations,
voids, or inconsistencies in composite components not
otherwise discernable using visual or tap methodology. There
are many ultrasonic techniques; however, each technique
uses sound wave energy with a frequency above the audible
range. A high-frequency (usually several MHz) sound wave is
introduced into the part and may be directed to travel normal
to the part surface, or along the surface of the part, or at
some predefined angle to the part surface. You may need to
try different directions to locate the flow. The introduced
sound is then monitored as it travels its assigned route
through the part for any significant change. Ultrasonic sound
waves have properties similar to light waves.



When an ultrasonic wave strikes an interrupting object, the
wave or energy is either absorbed or reflected back to the
surface. The disrupted or diminished sonic energy is then
picked up by a receiving transducer and converted into a
display on an oscilloscope or a chart recorder. The display
allows the operator to evaluate the discrepant indications
comparatively with those areas known to be good. To
facilitate the comparison, reference standards are established
and utilized to calibrate the ultrasonic equipment. The repair
technician must realize that the concepts outlined here work
fine in the repetitious manufacturing environment, but are
likely to be more difficult to implement in a repair
environment given the vast number of different composite
components installed on the aircraft and the relative
complexity of their construction. The reference standards
would also have to take into account the transmutations that
take place when a composite component is exposed to an in-
service environment over a prolonged period or has been the
subject of repair activity or similar restorative action.



Other types of ultrasonic techniques are:

Through Transmission Ultrasonic Inspection: This uses two
transducers, one on each side of the area to be inspected. The
ultrasonic signal is transmitted from one transducer to the
other transducer. The loss of signal strength is then measured
by the instrument. The instrument shows the loss as a percent
of the original signal strength or the loss in decibels. The
signal loss is compared to a reference standard. Areas with a
greater loss than the reference standard indicate a defective
area.

Pulse Echo Ultrasonic Inspection: Single-side ultrasonic
inspection may be accomplished using pulse echo techniques.
In this method, a single search unit is working as a
transmitting and a receiving transducer that is excited by high
voltage pulses. Each electrical pulse activates the transducer
element. This element converts the electrical energy into
mechanical energy in the form of an ultrasonic sound wave.
The sonic energy travels through a Teflon® or methacrylate
contact tip into the test part.



A waveform is generated in the test part and is picked up by
the transducer element. Any change in amplitude of the
received signal, or time required for the echo to return to the
transducer, indicates the presence of a defect. Pulse echo
inspections are used to find delaminations, cracks, porosity,
water, and disbonds of bonded components. Pulse echo does
not find disbonds or defects between laminated skins and
honeycomb core.

Ultrasonic Bondtester Inspection: Low-frequency and high-
frequency bondtesters are used for ultrasonic inspections of
composite structures. These bondtesters use an inspection
probe that has one or two transducers. The high-frequency
bondtester is used to detect delaminations and voids. It
cannot detect a skin-tohoneycomb core disbond or porosity. It
can detect defects as small as 0.5-inch in diameter. The low-
frequency bondtester uses two transducers and is used to

detect delamination, voids, and skin to honeycomb core
disbands.



This inspection method does not detect which side of the part is
damaged, and cannot detect defects smaller than 1.0-inch.

Phased Array Inspection: This is one of the latest ultrasonic
instruments to detect flaws in composite structures. It operates
under the same principle of operation as pulse echo, but it uses 64
sensors at the same time, which speeds up the process.

Other NDI techniques include, thermography, radiography,
moisture detector etc.

Composite Repairs
Layup Materials

Hand Tools: Prepreg and dry fabrics can be cut with hand tools,
such as scissors, pizza cutters, and knives. Materials made from
Kevlar® are more difficult to cut than fiberglass or carbon and tools
wear quicker. A squeegee and a brush are used to impregnate dry
fibers with resin for wet layup. Markers, rulers, and circle
templates are used to make a repair layout



Air Tools: Air-driven power tools, such as drill motors,
routers, and grinders, are used for composite materials.
Electric motors are not recommended, because carbon
is a conductive material that can cause an electrical
short circuit. If electric tools are used, they need to be
of the totally enclosed type.

Caul Plate: A caul plate made from aluminum is often
used to support the part during the cure cycle. A mold
release agent, or parting film, is applied to the caul
plate so that the part does not attach to the caul plate.
A thin caul plate is also used on top of the repair when
a heat bonder is used. The caul plate provides a more
uniform heated area and it leaves a smoother finish of
the composite laminate.



